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SUMMARY 

The simulation of a turbojet engine on a standard 
electronic analogue computer is presented. The non-linear 
equation for the static and transient behavior of the engine 
was developed and solved on the computer without reducing 
the equation to a linear form. A typical control was sim- 
ulated and used to operate the engine under transient and 
steady state conditions. 

The results indicate that a reasonably accurate 
simulation of an actual engine on a standard computer with- 
out special equipment is possible. Control studies may be 
made using a variety of engine parameters which are contin- 
uously generated during transient as well as equilibrium 
operation. The control studied indicates that the control 
coefficients should be made functions of engine speed to 
obtain maximum acceleration. It is also shown that fuel 
flow can be positively limited to maintain a given maximum 
turbine inlet temperature during acceleration in order to 
obtain maximum acceleration. 
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INTRODUCTION 

In a turbojet engine the speed responds compara- 
tively slowly to changes in fuel flow. A control charged 
with the responsibility of accelerating the engine must 
change the fuel flow at a rate that will bring the engine 
to the new speed as quickly as possible, but not so fast 
that excessive turbine temperatures are encountered. Thus 
to design an optimum control the designer must know the 
response rate of the engine variables that he is control- 
ling. This requires a knowledge of the dynamic behavior 
of the engine. 

One approach to the problem has been to predict the 
engine dynamics from steady state performance charts of the 
engine components using the hypothesis that the thermody- 
namics and flow processes are quasi-static; that is, they 
act like a continuous series of equilibrium states (Ref. l) . 
Then further, the non-linear differential equation for 
engine acceleration was linearized around a steady state 
operating point. At points far from the steady state condi- 
tions the linear equation may result in significant error, 
hence, in order not to exceed engine limitations, the control 
must program fuel on the conservative side. This procedure 
results in an acceleration less than the optimum possible. 

The study contained herein consists of an analogue 
computer solution of the non-linear equation for accelera- 
tion. The' computer solution furnishes continuous informa- 
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tion on the response of all engine variables. A control can 
then sense the change during acceleration of various engine 
parameters and generate a fuel flow which will maintain the 
maximum allowable turbine inlet temperature throughout the 
acceleration. This procedure should provide the maximum 
acceleration. 

Engine design calculations are shown in Appendix B. 
Equilibrium running calculations are shown in Appendix C. 

This work was performed at the University of Michi- 
gan by Lt. Charles H. Rockcastle, USN and Lt . Andrew J. 
Yates, USN under the supervision and guidance of Dr. James 
E. Broadwell. 



ANALYSIS AND PROCEDURE 
Analysis 

A typical configuration of a direct coupled turbo- 
jet engine is shown in Fig. 1. 

When turbine torque equals compressor torque a tur- 
bojet engine will run at some equilibrium speed. A change 
in fuel flow causes a change in turbine inlet temperature 
which results in a change in turbine torque. The differ- 
ence between turbine torque and the torque absorbed by the 
compressor then accelerates or decelerates the engine accor- 
ding to the following equation: 



